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Mr. Zhe Xie was working on the characterization of microscale polymeric flows during the fiscal years of 2003-2005.
Name: Nagarajan, Pratapkumar
Worked for more than 160 Hours: Yes
Contribution to Project: 





Research Experience for Undergraduates
Name: Woo, Katherine
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Contribution to Project: 
Ms. Katherine Woo was supported by the REU supplement for the summer research in 2005. She was working on biomimetic
polymer surfaces. Particularly, she identified that the biological surface of dung beetle is an excellent applications of the micro
molding technology. Later, a new method was developed for rapidly transfering the biological surface structures of the dung beetle
to polymer substrates.
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The student was supported by REU as a summer researcher in 2006. She and Mr. Pratapkumar Nagarajan, a graduate student,
worked together on injection molding microstructured polymers.
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Research and Education Activities:
The major research and educational activities include:
- Developed a room-temperature embossing process.
- Developed a two-station embossing process for rapid fabrication of polymer microstructures.
- Developed a micro molding method for rapidly transferring biological surface topography to polymer substrates.
- Developed a rubber-assisted embossing process for structuring very thin polymer films.
- Developed a through-thickness embossing process for fabrication of discrete microparts.
- Conducted fundamental studies of the processes developed, involving rheology, process analysis, modeling and simulation. 
- Made more than 30 presentations at major conferences and to the industry and other universities, regarding polymer micromolding and micro
rheology.
- Fourteen journal papers (directly resulted from the finding of this project) were published or accepted, and two additional papers are being
prepared.
- About 15 conference papers regarding polymer microfabrication and micro rheology were published or accepted.
Findings:
The major findings include:
- Polymer microfeatures can be rapidly produced using the room-temperature embossing process. 
- By using the two-station approach, rapid thermal response of the embossing die can be accomplished.  
- Micro rubber forming can be effectively used for structuring very thin polymer films. 
- With a through-thickness action, discrete microparts can be fabricated in a single step operation.
- Biological structures, e.g., dung beetle surface features, can be rapidly transferred to polymer substrates using micro molding techniques.
- Self aligned disk flow can be formed in micro gaps in the self-aligned disk-flow micro rheometer. 
- The self-aligned disk-flow rheometry was verified using different testing fluids including Newtonian and non-Newtonian liquids.
- Accurate characterization of the rheological behavior of the embossing polymer near the transition temperature is critical to the success of a
predicative model in embossing based processes.
Training and Development:
Two graduate students and two undergraduate students participated in the research project of 'Rapid Production of Plastic Microstructures' as
research assistants. The students were trained in the field of polymer microfabrication which is an interdisciplinary area. The PI also integrated
polymer microfabrication to two of the courses he has been teaching, namely, Manufacturing Processes and Polymer Processing (both at
undergraduate and graduate levels). The lectures on polymer microfabrication help students gain an insight into the cutting edge frontier in
miniaturization science and engineering.
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Outreach Activities:
The PI gave presentations on polymer microfabrication to companies, universities, and other groups who are interested in the related
technology.
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Contributions within Discipline: 
The major contributions within discipline from the research conducted include:
- A room-temperature embossing process for rapid production of plastic microfeatures.
- A two-station embossing process for rapid thermal response processing of plastic microfeatures. 
- A micro rubber embossing processing for rapid structuring of very thin polymer films.
- A protocol for rapidly transferring biological features to polymers.
- A through-thickness embossing process for fabricating discrete microparts.
- A self-aligned disk-flow rheometry for microscale flow characterization.
- Improved understanding on the role of rheological behavior of polymer in polymer microfabrication.

The capability in characterizing and modeling microscale polymeric flows will provide a fundamental understanding of polymer
microfabrication. The integrated research and education program will provide educational opportunities for students to work on leading edge
research projects in polymer microfabrication.
Contributions to Other Disciplines: 
The technology for rapid production of high-aspect-ratio microstructures will impact significantly in the fast growing telecommunication and
biomedical industries.
Contributions to Human Resource Development: 
 
Contributions to Resources for Research and Education: 
 
Contributions Beyond Science and Engineering: 
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